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(54) Nonvolatile memory cell and nonvolatile semiconductor memory device 



(57) It is an object of the present Invention to make 
It possible to decrease the on-state resistance of a se- 
lection transistor of a memory cell without increasing the 
whole area of a memory cell an^ay and accelerate and 
stabilize the reading operation of data stored. In the 
memory cell. Therefore, a plurality of variable resistive 
elements (2) capable of storing Infomnatlon in accord- 



ance with a change of electrical resistances Is included, 
one ends of the variable resistive elements (2) are con- 
nected each other, and an electrode of a selection ele- 
ment (3) constituted by a MOSFET or diode element for 
selecting the variable resistive elements (2) in common 
is connected with one end of each of the variable resis- 
tive elements (2) to constitute a memory cell (1). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention ^ 

[0001] The present invention relates to a nonvolatile 
semiconductor nnemory device and a memory cell used 
for the nonvolatile semiconductor memory device, more 
spedficaily to a nonvolatile semiconductor memory de- 
vice having a vanabie resistive element in which a mem- 
ory cell can store infomiatlon in accordance with a 
change of electrical resistances. 

2. Description of the Related Art 

[0002] At present, an MRAI^^ (Magnetic RAM), OUM 
(Ovonic Unified Memory), and RRAM (Resistance con- 
trol nonvolatile Random Access Memory) are present 
and proposed as nonvolatile memories respectively us- 
ing a variable resistive element capable of storing infor- 
mation in accordance with a change of electrical resist- 
ances. Each of these devices realizes a nonvolatile 
memory in the form of storing information by changing 
resistances and reading the information In accordance 
with a change of the resistance values. For example, 
the MRAM constitutes a memory cell by using an MTJ 
(Magnetic Tunnel Junction) device and its contents are 
disclosed In Japanese Unexamined Patent Publication 
No. 2002-151661. Fig. 16 shows a configuration of a 
portion of the memory celt relating to reading. Moreover, 
a configuration is described in the specification of Jap- 
anese Patent Application No. 2002-185234 by the ap- 
plicant of this application as a memory cell configuration 
using an RRAM element. Fig. 1 7 shows the memory cell 
configuration. Though the memory cells shown in Figs. 
16 and 17 are different from each other in variable re- 
sistive element but they are common to each other in 
that selection transistors serving as a variable resistive 
element and a selection element respectively are con- 
nected in series. In the case of each memory cell, the 
gate of a selection transistor 3 is connected with a word 
line WL, one end of a variable resistive element 2 is con- 
nected with a bit line BL, the source of the selection tran- 
sistor 3 is connected with a source line SL, and the other 
end of the variable resistive element 2 is connected with 
the drain of the selection transistor 3. 
[0003] A case of a memory cell using an RRAM ele- 
ment is described below. Fig. 1 8 shows a memory cell 
array configuration when using the memory cell In Fig. 
17. A memory array (the same meaning as a niemory 
cell array) has a plurality of word lines WL and a plurality 
of source lines SL and a memory cell at a portion where 
a bit line BL intersects a word line WL and memory cells 
are ananged like a matrix. Figs, 1 9A and 1 9B show 
schematic section views of the memory cell shown in 
Rg. 18. 

[0004] The reading operation of the memory anay is 



described below. A bit line selection transistor 4 and a 
word line driver 6 are controlled so that a memory cell 
to be read is selected by a bit line BL and a word line 
WL, and a source line control circuit 7 sets a source line 
SL connected to the selected memory cell to the ground 
potential. Under the above conditions, by applying a bi- 
as voltage for reading to a selected bit line from a charg- 
ing circuit of a bit line of a reading circuit 5, a current 
route is fomned in the range from a selection bit line to 
the RRAM element 2 of a selected memory cell, selec- 
tion transistor 3, source line SL, and ground potential. 
The current circulating through the selection bit line is 
changed depending on the resistance value of the 
RRAM element 2 of the selected memory cell. The cur- 
rent circulating through the bit line is detenmined by the 
reading circuit 5 to output the data stored In the memory 
cell. Fig. 20 shows an example of a reading circuit for 
detennining the current value. According to the reading 
circuit in Fig. 20, a load circuit 8 is connected to a bit line 
BL through the bit line selection transistor 4 to convert 
a bit line cunent Into a voltage at a connection point N 
of the bit line selection transistor 4 and the load circuit 
8. A cun'ent source for generating a reference current 
for determining each current value corresponding to the 
data value stored in the memory cell is prepared and a 
voltage generated by the current source (the voltage is 
hereafter referred to as a reference voltage VreQ and 
the voltage converted by the bit line current Is deter- 
mined by a comparator circuit 9 to output the detemii- 
nation result (CPq^j^). Fig. 21 schematically shows a 
load line (straight line) A when using a resistance as the 
load circuit 8 and current-voltage characteristics B and 
C of a bit line current corresponding to each binary data. 
[0005] In the case of the above reading operation, the 
voltage difference input to the comparator circuit 9 in- 
creases as the bit line current difference increases as 
shown by the graph In Fig. 21 . When the voltage differ- 
ence input to the comparator circuit 9 is large, opera- 
tions of the comparator circuit 9 are also accelerated. 
Therefore, to read information from a memory cell at a 
higher speed and more stably, it is preferable to increase 
the bit line current difference. In this case, the bit line 
cunent Is obtained from the total value of resistance val- 
ues of various portions through which the bit line current 
circulates, that is, the resistance of the RRAM element 
2, on-state resistance of the selection transistor 3, on- 
state resistance of the bit line selection transistor 4, and 
wiring resistance (parasitic resistance) of a bit line BL. 
Therefore, when other resistances are larger than the 
resistance of the RRAM element 2, the above bit line 
difference is relatively decreased and a stable reading 
operation and high-speed operation become difficult. 
[0008] Rg. 22 shows a simple model of a bit line cur- 
rent route. In Fig. 22, the model is constituted by the 
selection transistor 3 connected to the RRAM element 
2, bit line selection transistor 4 for selecting a plurality 
of bit lines BL, and a bit line BL. It is enough that the 
number of bit selection transistors 4 is equal to the 
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number of bit lines in order to select a plurality of bit lines 
BL. The number of bit selection transistors 4 is smaller 
than the number of the selection transistor 3 of a mem- 
ory cell. Therefore, even if the driving capacity of a tran- 
sistor Is increased in order to decrease an on-state re- 
sistance, that is, the gate width of the transistor is in- 
creased, the influence of increase of the whole area of 
a memory anay is small. Moreover, to decrease the re- 
sistance value of a bit line, there is a method of decreas- 
ing the wiring material of a bit line In resistance or length. 
Anyway, this is a problem common to nonvolatile mem- 
ories. However, the situation is different for the selection 
transistor 3 in a memory cell. To improve the driving ca- 
pacity of the selection transistor 3, it is effective to in- 
crease the gate width of the above transistor However, 
when the transistor is connected to each RRAM element 
2, a lot of transistors are required. Therefore, when In- 
creasing the gate width, the whole area of a memory 
array is increased and the manufacturing cost is greatly 
influenced. As a result, the on-state resistance of the 
selection transistor 3 Is a big factor that the above bit 
line current difference cannot be Increased. 

SUMMARY OF THE INVENTION 

[0007] The present invention is made to solve the 
above problems and its object is to provide a nonvolatile 
memory cell and a nonvolatile semiconductor memory 
device capable of decreasing the on-state resistance of 
a selection transistor of a memory cell without Increas- 
ing the whole area of a memory an^ay, accelerating and 
stabilizing the reading operation of data stored in the 
memory cell, and realizing stable operations. 
[0008] To achieve the above object, a nonvolatile 
memory cell of the present invention has a plurality of 
variable resistive elements respectively capable of stor- 
ing infomnatlon in accordance with a change of electrical 
resistances, in which one ends of the variable resistive 
elements are connected each other and one electrode 
of a selection element for selecting the variable resistive 
elements in common is connected with the one ends of 
the variable resistive elements. 
[0009] Moreover, In the case of a nonvolatile memory 
cell of the present invention, each of the variable resis- 
tive elements is an RRAM element whose electrical re- 
sistances are changed due to an electrical stress, 
MRAM element whose electrical resistances are 
change due to a magnetic field, or OUM element whose 
electrical resistances are changed due to heat. 
[001 0] Furthermore, in the case of a nonvolatile mem- 
ory cell of the present invention, the selection element 
is constituted by a MOSFET and the elec^ode connect- 
ed with one ends of the variable resistive elements is 
the drain or source of the MOSFET or the selection el- 
ement is constituted by a diode element and the elec- 
trode connected with one end of each of the variable 
resistive elements is the anode or cathode of the diode 
element 



[001 1 ] A nonvolatile semiconductormemory device of 
the present invention for achieving the above object has 
a memory cell array in which nonvolatile memory cells 
of the present invention are arranged like a matrix in the 

5 row direction and column direction, in which a word line 
extending along the row direction is fonned in each row 
of the memory cell, and bit lines equal to the number of 
the variable resistive elements in the memory cell ex- 
tending along the column direction are formed in each 

10 column of the memory cell. 

[0012] Furthermore, in the case of a nonvolatile sem- 
iconductor m&noxy device of the present invention, the 
selection element is constituted by a MOSFET in each 
of the memory cells, the drain of the MOSFET is con- 

is nected with one end of each of the variable resistive el< 
ement, the other end of each of the variable resistive 
element not connected with the MOSFET Is connected 
with each of the bit lines, the source of the MOSFET is 
connected with a source line, and the gate of the MOS- 

20 FET is connected with the word line. 

[001 3] Furthermore, in the case of a nonvolatile sem- 
iconductor memory device of the present invention, the 
selection element is constituted by a diode element, the 
anode or cathode of the selection diode is connected 

25 with one end of each of the variable resistive elements, 
one ends of the variable resistive elements not connect- 
ed with the diode element are connected with the bit 
lines respectively, and the electrode of the diode ele- 
ment not connected with the variable resistive elements 

30 is connected with the word lines. 

[001 4] According to the above characteristic configu- 
ration, by sharing a selection element constituted by a 
MOSFET or a diode element with a plurality of variable 
resistive elements, it is possible to use a selection ele- 

35 ment layout region to be formed on each variable resis- 
tive element as one selection element layout region, it 
is possible to decrease the resistance value of the se- 
lection element without increasing the whole area of a 
memory array and increase the difference between bit 

40 line currents circulating through variable resistive ele- 
ments selected correspondingly to stored data. As a re- 
sult, it is possible to provide a nonvolatile memory cell 
and nonvolatile semiconductor memory device capable 
of accelerating and stabilizing the reading operation of 

45 data stored in a memory cell. 

[0015] Furthermore, a nonvolatile semiconductor 
memory device of the present invention has a hierarchi- 
cal bit line structure in which a plurality of bloclcs is set 
in at least the column direction by using the memory cell 

50 an^y as one block, the bit line of each of the blocks is 
used as a local bit tine, a local bit line selection transistor 
for selecting the local bit line is used, and the local bit 
line is connected to a global bit line through the local bit 
line selection transistor. 

55 [001 6] By sharing a selection element with a plurality 
of variable resistive elements, it is possible to accelerate 
and stabilize the reading operation of data stored In a 
memory celL However, because a leak current route via 
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the variable resistive element of an unselected memory 
cell Is fomied between bit lines connected to a plurality 
of variable resistive elements respectively, the number 
of memory cells which can be connected to the same 
bit line has an upper limit. ^ 
[0017] IHowever, according to the above characteris- 
tic configuration having the hierarchical bit line struc- 
ture, it is possible to additionally set memory cells ex- 
ceeding the upper limit in the bit line direction and con- 
struct a large memory array configuration while de- io 
creasing the resistance of a selection element. 
[0018] Moreover, in thecase of a nonvolatile semicon- 
ductor memory device of the present invention, the bit 
lines connected to the memory ceils selected so as to 
be read are respectively charged up to a predetemnined i^ 
potential before the reading operation or a transistor for 
equalization is set between the bit lines in order to re- 
spectively charge the bit lines connected to the memory 
cells up to a predetemnined potential before the reading 
operation. 20 
[0019] FurthenDore, according to the characteristic 
configuration, because each bit line is charged up to a 
predetermined potential before the reading operation, 
the reading operation is accelerated and stabilized, by 
decreasing the influence of the lealc cun-ent and mainly 2S 
reading a resistance change of a variable resistive ele- 
ment to be read by a selected memory cell, though a 
leak cun^ent route via the variable resistive element of 
an unselected memory cell is fomried between bit lines 
connected to a plurality of variable resistive elements so 
respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 35 

Fig. 1 is a circuit diagram showing a memory cell 
configuration of a nonvolatile semiconductor mem- 
ory device of the present invention; 
Fig. 2 is a circuit block diagram showing a configu- ^ 
ration (first embodiment) of memory array of a non- 
volatile semksonductor memory device of the 
present invention; 

Fig. 3A is a sectional view schematically showing a 
cross section of an essential portion of the memory 
array configuration shown in Fig. 2 taken along the 
line A-A shown in Rg. 2; 

Fig. 3B is a sectional view schematically showing a 
cross section of an essential portion of the memory 
array conf iguratton In Fig. 2 taken along the line B-B so 
in Fig. 2; 

Fig. 4 is a circuit block diagram showing a configu- 
ration (second embodiment) of a memory array us- 
ing a hierarchical bit line structure of a nonvolatile 
semk»nductor memory devbe of the present i nven- ss 
tion; 

Fig. 5 is a circuit block diagram showing a reading 
circuit of the memory array configuration shown in 



Fig. 4; 

Fig. 6 is a signal timing waveform diagram for ex- 
plaining the reading operation of the memory an^y 
configuration shown in Fig. 4; 
Fig. 7 is a circuit block diagram showing another 
configuration (tiiird embodiment) of a memory anBy 
using a hlerarchk^al bit line stru^ure of a nonvolatile 
semiconductor memory device of the present inven- 
tion; 

Fig. 8 is a signal timing waveform diagram for ex- 
plaining the reading operation of the memory an^ay 
configuration shown in Fig. 7; 
Fig. 9 is a circuit diagram showing another memory 
cell configuration (fourth embodiment) of a nonvol- 
atile semtoonductor memory device of the present 
inventk>n; 

Fig. 10 Is a circuit bk>ck diagram showing another 
configuration (fourth embodiment) of a memory cell 
an^ay using a hierarchical bit line structure of a non- 
volatile semiconductor memory device of the 
present invention; 

Fig. 11 A is a sectional view schematically showing 
a cross section of an essential portion of the mem- 
ory array configuration shown in Fig. 1 0 taken along 
the line A-A in Fig. 10; 

Fig. 11 B is a sectional view schematically showing 
a cross section of an essential portion of the mem- 
ory an^y configuration shown in Rg. 1 0 taken along 
tiie line B-B in Fig. 10; 

Fig. 12 is a circuit block diagram showing still an- 
other configuration (fifth embodiment) of a memory 
cell array using a hierarchical bit line structure of a 
nonvolatile semtoonductor memory device of the 
present invention; 

Fig. 13 is a circuit block diagram showing a reading 
circuit of the memory array configuration shown in 
Fig. 12; 

Fig. 14 is a circuit diagram showing another mem- 
ory cell configuration (another embodiment) of a 
nonvolatile semkx>ndu(tor memory devk;e of the 
present invention; 

Fig. 15 is a circuit bkx:k diagram showing another 
configuration (another embodiment) of a memory 
anray using a hierarchical bit line structure of the 
present invention; 

Fig. 16 is a circuit diagram showing a memory cell 
configuration using an MTJ devtee of a conventional 
nonvolatile semiconductor memory device; 
Fig. 1 7 is a circuit diagram showing a memory cell 
configuration using an RRAM element of a conven- 
tional nonvolatile semiconductor memory devbe; 
Fig. 18 is a circuit diagram showing a memory cell 
an^ay configuration when using the memory cell 
shown in Rg. 17; 

Fig. 19A is a sectional view schematically showing 
a cross section of an essential portion of the mem- 
ory an^y configuration shown In Fig. 1 8 taken along 
the line A-A in Rg. 18; 
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Fig. 19B Is a sec^onaj view schematically showing 
a cross section of an essential portion of the mem- 
ory anray configuration shown In Fig. 18 taken along 
the lineB-Bin Rg. 18; 

Fig. 20 is a circuit block diagram showing a reading 
circuit of a conventional nonvolatile semlconduc^r 
memory device; 

Fig. 21 IS a graph showing a current-voltage char- 
acteristto of a bit line cun-ent and a load character- 
istic; and 

Fig. 22 is a circuit diagram showing a simple model 
of a bit line current route of a conventional nonvol- 
atile semiconductor memory device. 

DETAILED DESCRIPTION OF THE INVENTION 
(PREFERRED EMBODIMENTS) 

[0021 ] Embodiments of a nonvolatile memory cell and 
a nonvolatile semiconductor memory device (hereafter 
properly referred to as "present Invention device") are 
described below by referring to the accompanying draw- 
ings. Portions overlapped with a conventional nonvola- 
tile memory cell and a nonvolatile semiconductor mem- 
ory device are provided with the same symbols in draw- 
ings for description. 

(First embodiment) 

[0022] Fig. 1 shows a configuration of a memory cell 
1 of the present invention device. The memory eel II has 
a selection transistor 3 constituted by two variable re- 
sistive elements 2 and one N-type MOSFET serving as 
a selection element for selecting the two variable resis- 
tive elements, in which one end of each variable resis- 
tive element 2 Is connected to the drain electrode of the 
selection transistor 3. Moreover, other ends of variable 
resistive elements 2 are connected to different bit lines 
BL respectively, the gate of the selection transistors are 
connected to word line WL and the source of the selec- 
tion transistor 3 is connected to a source line SL. In the 
case of this embodiment, because one memory cell in- 
cludes two variable resistive elements 2, there Is amem- 
ory capacity two times larger than the memory capacity 
of the conventional memory cell shown in Fig. 1 7. How- 
ever, when relating one memory cell to one variable re- 
sistive element 2, it can be said that the memory cell 1 
of this embodiment Is constituted by uniting two memory 
cells. 

[0023] This embodiment uses an RRAM element as 
the variable resistive element 2. In the case of the RRAM 
element, electrical resistances are changed by applying 
an electrical stress and a changed elecbical resistance 
is held even after canceling the electrical stress. There- 
by, a nonvolatile memory device capable of storing data 
in accordance with the resistance change is constituted 
by forming a manganese oxide film made of any one of 
substances such as Pr(i.x)CaxMn03, La(^.x)(^^x^"03. 
and La^i,jj.yjCa,jPbyMn03 (x<1 , y<1 , and x+y<1 ), for ex- 



ample, Pro.7Cao3Mn03, Lao.65Cao.35Mn03, or 

'-^.65^.175^^0.175^^^3 ^P'" co^^'^g method, 
laser ablation, or sputtering method. Moreover, the re- 
sistance change value of the RRAM element is control- 
5 led by applying a voltage pulse between electrodes of 
the RRAM element as an electrical stress and adjusting 
the pulse width or voltage amplitudeof the voltage pulse 
or the both of it. 

[0024] Fig. 2 shows a configuration of a memory array 

10 of the present invention. The memory array is constitut- 
ed by aranging a plurality of memory cells 1 like a matrix 
In the row direction (word line direction) and the column 
direction (bit line direction) and moreover, has a plurality 
of bit lines BL, a plurality of word lines WL, and a plurality 

IS of source lines SL. A pair of adjacent bit lines BL and 
one word line WL intersect for one memory ceil 1 . In the 
case of each memory cell 1 , the variable resistive ele- 
ment 2 connected to a pair of adjacent bit lines BL is 
connected to a source line SL by sharing the selection 

20 transistor 3. In this case, by tuming on one of the bit line 
selection transistors 4 respectively constituted by an N- 
type MOSFET and thereby selecting one of the adjacent 
bit lines BL, the variable resistive element 2 connected 
to the selected bit lines BL is selected. 

25 [0025] Rgs.3A and 3B schematically show sectional 
views of an essential portion of the memory anray con- 
figuration shown in Rg. 2. in this case, as a result of 
comparing Fig. 3B with Fig. 1 9B of a conventional mem- 
ory array configuration, it is found that the gate width 

30 (W2=2X W1 -i-d) of the selection transistor 3 is two times 
or more large than the gate width (W1) of the conven- 
tional selection transistor 3. That Is, two gate widths 
(2xW1>fwidth(d) of a device isolation region 10 be- 
comes equal to the gate width (W2) of the selection tran- 

35 sistor 3 of this embodiment. That Is, in comparison with 
the prior art in Fig. 1 9, it is shown that the driving capac- 
ity of the selection transistor 3 is improved up to two 
times or more in the same layout area. As a result, it is 
possible to decrease the resistance value of the selec- 

^ tion transistor 3 without increasing the whole area of a 
memory array and increase the current difference be- 
tween stored data values of bit line currents circulating 
through the variable resistive element 2 (for example, in 
the case of binary data, cun-ent value difference be- 

45 tween cunrent value for reading data 0 and current value 
for reading data 1). 

(Second embodiment) 

50 [0026] Fig. 4 shows a memory array configuration us- 
ing a hierarchical bit line structure on the basis of the 
memory array configuration shown in Fig. 2 and Fig. 5 
shows a reading circuit In the hierarchical bit line struc- 
ture. To realize stable reading of stored data from a 

55 memory cell 1 at a high speed and stability, it is possible 
to realize a memory array configuration having the hier- 
archk:al bit line structure shown in Fig. 4. 
[0027] In the case of the hierarchbal bit line structure 
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of this embodiment, a bit line directly connected to the 
memory cell 1 is referred to as a local bit line LBL. A 
plurality of blocks is anBnged in the column direction by 
assuming memory arrays connected the same local bit 
line LBL in the column direction as one bloclc, a local bit 
line selection transistor 11 for selecting the local bit line 
LBL of each block is set, and the local bit tine LBL is 
connected to a global bit line GBL through the local bit 
line selection transistor 11 . Moreover, the global bit line 
GBL is connected to a reading circuit 5 through a global 
bit line selection transistor 1 2. In this case, by selectively 
turning on each local bit line selection transistor 11 and 
each global bit line selection transistor 12, a variable re- 
sistive element 2 to be read and the reading circuit 5 are 
connected each other through the local bit line LBL and 
global bit line GBL. Therefore, the local bit line selection 
transistor 11 and global bit line selection transistor 12 
correspond to the bit line selection transistor 4 in the 
memory array of the embodiment shown In Fig. 2. 
[0028] The reading operation of the memory cell 1 is 
described below by refening to Figs. 4, 5 and the signal 
timing waveform diagram shown in Figs. 6. In Rg. 4, the 
memory cell 1 to be read is assumed as 1 A, a variable 
resistive element 2 to be read in the memory cell 1 is 
assumed as 2A, a variable resistive element 2 not to be 
read in the memory cell 1 is assumed as 2B, and a se- 
lection transistors of the memory cell 1 A is assumed as 
3A. To turn on local bit line selection transistors 11a and 
1 1 b which connect to a local bit line LBL1 connected to 
the variable resistive element 2A and a local bit line 
LBL2 connected to the variable resistive element 2B re- 
spectively, local bit line selection signals BK1 and BK2 
are made high-level. At the same time, to turn on the 
selection transistor 3A, a word line WL2 Is made high- 
level. A source line SL connected to the memory cell 1 A 
is set to the ground potential and a global bit line selec- 
tion signal COL1 Is made high-level In order to turn on 
the global bit line selection transistor 12 so as to select 
a global bit line GBL1 connected to local bit lines LBL1 
and LBL2 through the local bit line selection transistors 
11a and 1 1 b. Under the above state, the selected global 
bit line GBL1 and local bit lines LBL1 and LBL2 are 
charged from a load circuit 8 in the reading circuit 5. A 
reading charge level to the selected local bit line LBL1 
is set in, for example, 1 to 1 .5 V. When a certain charge 
level is achieved, the local bit line selection signal BK2 
is made low-level and the local bit line selection transis- 
tor 1 1 b is turned off to stop charging of the local bit line 
LBL2. In accordance with the above processing proce- 
dure, a current route is fomned which extends from a 
charging circuit to the global bit line GBL1 , local bit line 
LBL1 , variable resistive element 2A, selection transistor 
3A, and source line SL. In this case, an Input voltage of 
a comparator circuit 9 is decided by a bit line cun'ent 
decided in accordance with the load characteristic of the 
load circuit 8 and the resistance value of the variable 
resistive element 2A. Operations of the comparator cir- 
cuit 9 are the same as those of the prior art shown in 



Fig. 20. 

[0029] As shown in Rg. 5, the variable resistive ele- 
ment 2B not to be read is connected to the drain of the 
selection transistor 3A. However, because the local bit 
5 line selection signal BK2 is kept at low level and the local 
bit line selection transistor lib is tumed off, the current 
route passing through the variable resistive element 2A 
is not influenced. 

[0030] The number of the memory cells 1 connected 
10 to a common local bit line LBL along the column direc- 
tion has an upper limit value because of circuit opera- 
tions and the upper limit value is decided In accordance 
with each resistance value decided con-espondingly to 
the stored data of the variable resistive element 2 (or in 
accordance with the resistance value of data 0 and that 
of data 1 when storing binary data) and the on-state re- 
sistance of the selection transistor 3. This is caused by 
the fact that a leak current route is formed between a 
pair of local bit lines LBL1 and LBl-2 through two variable 
^ resistive elements 2 of an unselec^ed memory cell 1 . 
However, as described above, by charging a pair of local 
bit lines LBL1 and LBL2, it is possible to reduce the in- 
fluence of the leak current route. 

25 (Third embodiment) 

[0031] Rg. 7 shows a third embodiment of the present 
invention. The third embodiment is different from the 
second embodiment in that a transistor 1 3 for equalizing 

30 potentials of a pair of local bit lines LBL1 and LBL2 is 
connected to the local bit lines LBL1 and LBL2 connect- 
ed to the same memory cell 1 . As shown by the signal 
timing wavefonn diagram in Fig. 8, the local bit line se- 
lection signal BK2 is temporarily made high-level during 

35 the charge period in the case of the second embodi- 
ment. In the case of the third embodiment, however, the 
local bit line selection signal BK2 Is kept at low level and 
instead, an equalizing signal EQ1 is made high-level 
during the charge period and an equalizing transistor 1 3 
is tumed on to charge the local bit line LBL2. Though 
only a method for charging a pair of local bit lines LBL1 
and LBL2 is different, other operations are the same as 
the case of the second embodiment. 

^ (Fourth embodiment) 

[0032] Figs. 9 and 10 show a fourth embodiment of 
the present invention. The memory cell configuration 
shown in Fig. 9 has three variable resistive elements 2 

50 and a selection transistor 3 constituted by one MOSFET 
serving as a selection element for selecting the three 
variable resistive elements 2, in which one end of each 
variable resistive element 2 is connected with the drain 
electrode of the selection transistor 3. Moreover, the oth- 

55 er end of each variable resistive element 2 is connected 
with a different bit line BL. The gate of the selection tran- 
sistor 3 is connected to a word line WL and the source 
of the seiectk>n transistors Is connected to a source line 
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SL. In the case of this embodiment, one memory cell 14 
Includes three variable resistive elements 2. Therefore, 
there is a memory capacity three times larger that of the 
conventional memory cell shown In Fig. 17. However, 
when relating one memory cell to one variable resistive 
element 2, it can be said that the memory ceil 14 of this 
embodiment is constituted by uniting three memory cells 
into one body. Fig. 10 shows a memory array configu- 
ration of a hierarchical bit line stmcture using the mem- 
ory cell 14 shown in Fig. 9. 

[0033] The fourth embodiment is different from the 
second embodiment shown in Rg. 4 only in the number 
of variable resistive elements 2 sharing one selection 
transistor 3, In which reading can be made the same as 
the case of the second embodiment by controlling local 
bit line selection transistors 1 1 a, 1 1 b, and 1 1 c. A reading 
circuit 5 has a circuit configuration same as that shown 
in Fig. 5. 

[0034] Specifically, In Fig. 1 0, when assuming a mem- 
ory cell 14 to be read as 14A, a variable resistive ele- 
ment 2 to be read in the memory cell 1 4 as 2A, variable 
resistive elements 2 not to be read as 2B and 2C, and 
a selection transistor 3 of the memory cell 14A as 3A, 
local bit line selection signals BK1, BK2. and BK3 are 
made high-level in orderto turn on local bit line selection 
transistors 11a, lib, and 11c which connect to a local 
bit line LBL1 connected to the variable resistive element 
2A, a local bit line LBL2 connected to the variable resis- 
tive element 2B, and a local bit line LBL3 connected to 
the variable resistive element 2C, respectively. At the 
same time, in order to tum on the selection transistor 
3A, a word line WL2 is made high-level. A source line 
SL connected to the memory cell 14A Is set to the 
ground potential and a global bit line selection signal 
C0L1 is made high-level in orderto tum on a global bit 
line selection transistor 12 so as to select a global bit 
line GBL1 connected to the local bit lines LBL1 . LBL2, 
and LBL3 through the local bit selection transistors 11a, 
lib, and 11c. Underthe above state, the selected global 
bit line GBL1 and local bit lines LBL1 , LBL2, and LBL3 
are charged from a load circuit 8 in the reading circuit 5. 
The reading charge level to the selected local bit line 
LBL1 is set to, for example, 1 to 1 .5 V. When a certain 
charge level is reached, the local bit line selection sig- 
nals BK2 and BK3 are made low-level and the local bit 
line selection transistors lib and 11c are turned off to 
stop charging the local bit lines LBL2 and LBL3. Accord- 
ing to the above processing procedure, a current route 
Is formed which extends from a charging circuit to the 
global bit line GBL1 , local bit line LBL1 , variable resistive 
element 2A, selection transistor 3A, and source line SL 
and an input voltage of a comparator circuit 9 is decided 
by a bit line cun-ent decided by the toad characteristic of 
the load circuit 8 and the resistance value of the variable 
resistive element 2A and the reading operation is exe- 
cuted by the comparator circuit 9. 
[0035] Fig. 11 schematically shows a sectional view 
of an essential portion of the memory array configuration 
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shown in Fig. 10. From Fig. 11 , it is found that the gate 
widtt! (W3=3xW1+2xd) of the selection transistors can 
be further Increased. 

[0036] For the fourth embodiment, a case is described 
5 In which one selection transistor 3 is connected with 
three variable resistive elements 2. However, it is also 
allowed that four or more variable resistive elements 2 
sharing one selection transistors are used in one mem- 
ory cell. In this case, the gate width of the selection tran- 
10 sistor 3 is further increased. 

(Fifth embodiment) 

[0037] Rg. 12 shows a fifth embodiment of the 

IS present Invention. In the case of the fifth embodiment, 
a circuit for reading resistance values of two variable 
resistive elements 2 in one memory cell 1 shown in Fig. 
1 by using a pair of bit lines (local and global bit lines) 
connected to the two variable resistive elements 2 is 

20 constituted by using the memory cell 1 . For example, 
when storing one-bit data (binary data) in one memory 
cell, one variable resistive element 2 has a high resist- 
ance and the other variable resistive element 2 has a 
low resistance, a pair of bit lines (local and global bit 

25 lines) are charged, a difference is produced between bit 
line cun-ents at positive or negative polarity depending 
on which one of the variable resistive elements 2 has a 
high resistance (or low resistance) to read data by the 
reading circuit 15 shown in Fig. 13. A configuration of 

30 tile reading circuit 15 is different from configurations of 
the reading circuits 5 of the first to fourth embodiments 
and voltages of nodes N1 and N2 decided by bit line 
cun-ents circulating through the above bit lines are input 
to a comparator circuit 9 but a reference voltage Vref for 

55 reference is not used. 

[0038] Thus, because two bit lines are used, the rela- 
tion between a local bit line LBL and a global bit line GLB 
is different from the case of the second to fourth embod- 
iment That is, in the case of the tirst to fourth embodi- 

40 ments, a local bit line connected to the same memory 
cells 1 and 14 is connected to one global bit line. In the 
case of the fifth embodiment, however, a pair of local bit 
lines of the same memory cell 1 are connected to a pair 
of global bit lines respectively and one global bit line is 
shared by local bit lines of memory ceils adjacent each 
other. 

[0039] Another embodiment is described below. 
[0040] In the case of each of the above embodiments, 
the memory cells 1 and 1 4 respectively use the selection 

so transistor 3 constituted by a MOSFET as a selection el- 
ement. For example, as shown in Fig. 14, however, it is 
also allowed to constitute a memory cell 16 by using a 
diode element 17 instead of the selection transistor 3. 
Specifically, the memory cell Includes, two variable re- 

55 sistive elements 2 and one diode element 1 7 serving as 
a selection element for selecting the two variable resis- 
tive elements and one ends of the variable resistive el- 
ements 2 are respectively connected with the anode of 
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an electrode of the selection element is con- 
nected with one end of each of the variable re- 
sistive elements. 

5 2. The nonvolatile memory cell according to daim 1 , 
characterized In that the variable resistive ele- 
ments respectively uses an RRAM element whose 
electrical resistances are changed due to an elec- 
trical stress, an MRAM element whose electrical re- 
10 sistances are changed due to a magnetic field, or 
an OUIM element whose electrical resistances are 
changed due to heat. 
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the diode element 17. Moreover^ the other ends of the 
variable resistive elements 2 are respectively connected 
with different bit lines BL and the cathode of the diode 
element 17 Is connected to a word line WL. Fig. 15 
shows a memory array configuration. Also in the case 
of this another embodiment, because It is possible to 
Increase the setting area of the diode element 17 the 
same as the case of the selection transistor 3, the same 
advantage as the case of using the selection transistor 
3 can be expected. 

[0041 ] For each of the above embodiments, a case of 
using an RRAM element as the variable resistive ele- 
ment 2 is described as an example. However, it is also 
allowed to use an MRAM element or OUM element in- 
stead of the RRAM element. The MRAM element and 
OUM element are different from the RRAM element in 
that electrical resistances are changed by a magnetic 
field or heat. However, the MRAM element and OUM 
element are the same as the RRAM element in that they 
are variable resistive elements respectively capable of 
storing information in accordance with a change of elec- 
trical resistances. Therefore, the MRAM and OUM ele- 
ments respectively show the cun^ent-voltage character- 
istic of the bit line cun^ent shown in Fig. 21 , depending 
on a resistance value which can be taken con-espond- 
ingly to the data to be stored and the improvement effect 
is expected that the reading operation is accelerated 
and stabilized the same as the case of the above em- 
bodiments. 

[0042] As described above, according to the present 
Invention, it is possible to decrease the on-state resist- 
ance of a memory cell selection element (selection tran- 
sistor and diode element) without increasing the whole 
area of a memory array and provide a nonvolatile mem- 
ory cell and a nonvolatile semiconductor memory device 
capable of accelerating and stabilizing the reading op- 
eration of data stored in a memory cell. 
[0043] Although the present invention has been de- 
scribed in ternris of a preferred embodiment, it will be 
appreciated that various modifications and alterations 
might be made by those skilled in the art without depart- 
ing from the spirit and scope of the invention. The inven- 
tion should therefore be measured in temns of the damns 
whbh follow. 



Claims 

1 . A nonvolatile memory c:ell cx)mprising: 



3. The nonvolatile memory c:eil acc^ording to claim 1 , 
15 characterized I n that the selection element is con- 
stituted by a MOSFET and the electrode connected 
with one end of each of the variable resistive ele- 
ments senses as a drain or source of the MOSFET. 



20 4. The nonvolatile memory cell according to daim 1 , 
characterized In that the selection element Is con- 
stituted by a diode element and the electrode con- 
nected with one end of each of the variable resistive 
elements serves as an anode or cathode of the dt- 

25 ode element. 

5. A nonvolatile semkonductor memory device com- 
prising a memory cell array; c:haracterized In that 
the memory coll array is constituted by arranging a 

30 plurality of the memory cell arrays of claim 1 like a 
matrix in a row direction and column direction and 
moreover, a word line is included in each row of the 
memory cells along the row direction, and bit lines 
extending along a column direction in each column 

35 and equal to the number of the variable resistive el- 
ements in the memory cells are included. 

6. The nonvolatile semkonductor memory device ao 
cording to daim 5, characterized in that 

40 the selection element is constituted by a 

MOSFET in each of the memory cells, and 

a drain of the MOSFET is connected with one 
end of each of the variable resistive elements, one 
ends of the variable resistive elements not conned- 

45 ed with the MOSFET are conneded with the bit 
lines respectively, a source of the MOSFET is con- 
neded with a source line, and a gate of the MOS- 
FET is conneded with the word line. 

50 7. The nonvolatile semlcondudor memory device ac- 
cording to claim 5, characterized in that the selec- 
tion element is constituted by a diode element in 
each of the memory cells, an anode or cathode of 
the seledion diode is conneded with one end of 
each of the variable resistive elements, one ends of 
the variable resistive elements not connected with 
the diode element are conneded with the bit lines 
respectively, and the electrode of the diode element 



a plurality of variable resistive elements capa- 
ble of storing information in accordance with a 
change of electrical resistances; and 
a seledion element for seleding the variable 
resistive elements in common; characterized 5S 
in that 

one encis of the variable resistive elements are 
conneded eadt\ other, and 
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not connected with each of the variable resistive el- 
ements Is connected to the word line. 

8. The nonvolatile semiconductor memory device ac- 
cording to claim 5, characterized In that a hierar- s 
chical bit line stmcture is used in which at least a 
plurality of blocks Is arranged in the column direc- 
tion by using the memory cell array as one block, 
the bit line of each block is used as a local bit line, 

a local bit line selection transistor for selecting the io 
local bit line is set, and the k)cal bit line Is connected 
to a global bit line through the local bit line selection 
transistor. 

9. The nonvolatile semiconductor memory device ac- is 
cording to daim 5, characterized in that a charging 
circuit is used which charges each of the bit lines 
connected to the memory cells selected as those to 

be read to a predetemiined potential before the 
reading operation of the memory cells. 20 

10. The nonvolatile semiconductor memory dev»e ac- 
cording to claim 5, characterized In that an equal- 
izing transistor is set between the bit lines connect- 
ed to the memory cells selected as those to be read 25 
in order to charge each of the bit lines to a prede- 
tenmined potential before the reading operation. 

11 . The nonvolatile semiconductor memory devbe ac- 
cording to claim 5, characterized in that the vari- 30 
able resistive elements of the memory cells respec- 
tively use an RRAM element whose elec^ncal resist- 
ances are changed due to an electrical stress, an 
MRAM element whose electrical resistances are 
changed due to a magnetk; field, or an OUM eie- 35 
ment whose elec^cal resistances are changed due 

to heat 
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